Infrared absorption profiles have been measured for cyclopropane and 1,1-dimethylcyclopropane clusters by monitoring the depletion of signal intensity in a mass spectrometer as a function of laser wavelength. Data have been obtained for (C3H6)n with n in the range 2-15, and for (CsH10)n + with n equal to 2 and 5. A comparison between the cluster results and available infrared data on the various bulk-phase states of both cyclopropane and 1,1-dimethylcyclopropane, suggests that the clusters are liquid-like.
INTRODUCTION
Much of the recent interest in clusters has been concerned with the possibility that their physical state may take the form of a microscopic component of bulk material. Under such circumstances, it might be appropriate to use clusters as models for bulk behaviour, and at the same time arrive at a molecular picture of such phenomena as nucleation or catalysis. Of equal interest, but not necessarily pertinent to macroscopic phenomena, is the possibility that small clusters may adopt structures which do not scale up to the bulk. For example, simple systems, such as small argon clusters appear to prefer icosahe-dral symmetry, rather than the face-centered-cubic structure characteristic of the bulk material. 2 Most of the results to date on the physical state of clusters have come from electron diffraction experiments. [2] [3] [4] From such experiments it has been possible not only to distinguish between liquid-like and solid-like clusters, 4 With the pulsed nozzle operating at a frequency, f, a reference pulse from the nozzle control unit is fed into a signal generator (Global 4001) which in turn pulses the laser at a frequency f/2. Photodissociation is detected by correlating an f/2 reference signal with the ion signal from the mass spectrometer. A phase-sensitive detector (Brookdeal Model 9502SC) is used for this purpose. By utilizing the second harmonic control on the lock-in amplifier, it is possible to switch directly from the mass spectrum of a cluster to its depletion spectrum. Figure I shows a schematic diagram of the apparatus. In a typical experiment the mass spectrometer is tuned to a particular ion cluster and the depletion signal is then monitored as a function of laser wavelength. The laser fluence throughout was held constant at 60 mJ cm-2. Laser power dependence studies showed that at this fluence, all the ion depletion signals are due to single photon absorption. To obtain the complete absorption profile for the cyclopropane clusters it was necessary to extend the range of IR radiation typically available from the 001-020 band of the CO2 laser. This was achieved by replacing the 75% reflecting output coupler, used in previous experiments, with one of 85% reflectance. The resultant slight drop in power had no effect on the measurements. Figure 3) Figure 3 is the position of the absorption intensity maximum for the v0 mode in liquid cyclopropane at =213 K. A comparison of the three absorption features dearly suggests that the clusters are more liquid-like than solid-like. In particular, if the clusters had any crystalline characteristics, then strong photodissociation spectra would have been expected only from the three laser lines at 1019, 1025 and 1029 cm-. Instead, the single broad photodissociation maximum appears to coincide with the centre of the infra-red absorption profile for liquid cyclopropane.
In a recent experiment, Bartell et al. 4 '2 used electron diffraction in association with a supersonic nozzle to study cyclopropane clusters. They concluded that, with an initial vapour temperature of 293 K, the clusters appeared to be liquid-like under all expansion conditions. The observations of Bartell et al. 4 Figure 3 Comparison between the photodissociation spectrum recorded from the neutral precursors of (C3H6)1o and the infrared spectrum of crystalline and liquid cyclopropane. The cluster result is shown as a Lorentzian fitted to the experimental data. The three triangles signify the splittings of the degenerate vl0 in the crystal, and the position of the absorption intensity maximum for the v0 mode in liquid cyclopropane at "--213 K is shown as a line.
suggest that the internal temperature of cyclopropane clusters is sufficiently high as to allow individual molecules to rotate about their inertial axes.
There is no direct evidence to suggest that the linewidths we observe, for example in Figure 3 , are due to homogeneous broadening; however, it is instructive to consider the possibility that the complete width might be associated with the decay of an excited state via a single relaxation step. frequency(cm -) Figure 5 As for Figure 4 , but for (C5H10)5+.
The vibrational mode coincident with the 001-100 band of the CO2 laser is an al CH3 rock (vlo). 19'2 From the heat of vaporization, 6 we estimate the binding energy of an individual molecule to be of the order of 250 cm-1. As with cyclopropane, this energy is significantly less than that of the incident infrared photons. When fitted to a Lorentzian, both the absorption profiles in Figure 4 give a FWHM of 6 cm -1 centered on a frequency of 930.5 cm-1. This frequency is closer to the liquid phase value for the Vl0 mode (931 cm-1) m than it is to the corresponding value for the crystalline phase (928 cm-1). 22 
CONCLUSION
The electron diffraction experiments of Bartell et al. 4 Figure 3 that the splittings in the crystal are such that even the comparatively low resolution of a line-tunable CO2 laser would be capable of detecting the separation between the unit cell modes. Hence, the presence of microcrystallites could be detected if the expansion conditions can be controlled to a point where the degree of cooling is extreme; but that the rate of cooling is sufficiently slow as to prevent the formation of, for example, a super-cooled liquid.
